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flip-chip bonded to the first substrate 
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1. Titlt tl 1 of «n t i oi 
Hematic Fii.w.11 For MEMS Packagio, la Flip-Chip Beaded Gectut.y 



2. Claim: 



■1 A package having a cavity with a height for homing a micro^lectromechanical 
systems (MEMS) device and sealing die MEMS device in the cavity to protect the 
MEMS device against deleterious conditions present in an environment of the 
5 package, comprising: 

a first substrate for defining a base on which the MEMS device is fabricated; 
a firewall fabricated on the first substrate and having a bottom surface engaged 
wifll the first substrate, said firewaU forming walls of die cavity which extend 
upwardly away from the bottom surface, for folly surrounding the MEMS device 
10 within die cavity which is boended and formed byt^ 

and 

a second substrate bonded to the first substrate over the firewall and in seated 
engagemen , with the firewall for creating a cavity-dosing seal for the cavity within which 
the MEMS device is fully -closed against the deleterious conditions present m the 
15 env,ronmcnt of the package so that the MEMS device is be packaged protected!, wrthm 
the cavity and remote from the deleterious conditions. 

2 The package of claim 1, further comprising a plurality of spacers formed on 
either one or both of the two substrates to predetermine space apart the two 
subsOTtes and thereby define a height of the cavity, and wherein the second substrate is 
20 placed over the cavrtymfermer sealed 

3. The package of claim 1, wherein me seal is a hennetic seal 

4. The package of claim 3, wherein the hermetic seal comprises a thin film metal 
material overlaying at least a portion of a top surface of the firewall. 

5 The package of claim 4, wherein the hermetic seal comprises a thin film metal 
25 material soMarri to the top .ur^^ 

mechanical strength and imparting structural integrity to the package. 
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mechanical integrity for the package. 
5 7. Tie package of dabn 6, where^ 

8. Thepackageofdata6,wherrinth»thmn^ 

9. The package of claim 6, wherein, the thin film mdal material comprises an. alloy 



,0. The package of claim 6, wherein the thin film metal material comprises an alloy 
10 of silver. 

H. The package of claim 1, wtoein the firewall comprises alternating stacks of 
poly-silicon and silicon dioxide encapsulated by poly-sflicon. 

12. The package of claim 1, further comprising electrical leads connected to the 
MEMS device in the cavity and extending through the firewall. 
15 13 The package of claim 12. wherein the electrical leans comprise a poly-silicon 
layer surrounded by a silicon dioxide lay« which is further surrounded by another 
layer of poly-silicon. 



3. 



Detailed Description of Iivcalifl 
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truiri nf the Invention 

" m present invention relate to packaging for nucro^on^ 
.^s (MEMS) devk*. More specify, - present — 
packaging of MEMS devices in flip-chfc> bonded geometry to provide hermetic seals 
for the MEMS devices. 

MEMS devices have become ubiquitous in the semiconductor industry and are 
^ ta hybrid electrical a* mechanic nations that are ne^ar, m many 
e.ectronic and e^tica. system Packaging MEMS device, in sue* 
ta geKral a costly process. Because mechanical motion 1 an essentta. 
MEMS function, a carefully designed space for the motion is 
MEMS device to operate reliably. Conventional packaging techntooes «dfc 
CMOS electronics are performed after the CMOS devices are appropr^y pro*** 
^proper passion mtneHal. Such passivation procedure protects me ^ 
2 Z packaging Proc^ mat are usuany n^iy -* «*— »~ 
^ ^ passivation, packaging is performed by injecting either .ft. plasUc or 
epoxy over the CMOS chip. Since the CMOS function relies purely on the e^omc 
0 Lert* of silicon, such a packaging process does not in«rfere wm> devtce 

^™Zl r chips using a fluid, a* are therefore not compau » ™* MEMS 
^operation, for this reason, expensive ceramic packaging has usuaUy been 
M over cost-effective plastic molded packages for MEMS dev.ces. 

Most MEMS devices need to operate in a control environment to achieve 
^ device performance and refill*. Seme examples of 
Lonments incfode controUed pressure (vacuum,, controlled hunud-y. and 



25 
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controlled chemical (typically a .pedal *»> envi—s. ™<*&* »*MS ***** 
. cost^ffectively under *~ conditions U desited m *e art, but due to the 
complexities and sensitivities associated with operation environment of MEMS 
devices it is often a difficdt « impractical task. 
5 ft is also essential that such connective MEMS packaging technology be 

compatible with CMOS packaging technology. This is important because CMOS 
fccn^ is already mature and commercially available. Moreover, the need to 
integrate MEMS devices with CMOS technology is becoming increasingly unportant 
in order to add functionality to the CMOS chip that simple CMOS devices cannot 
10 provide, and to provide control of MEMS devices using CMOS integrated circtuts. 
Most CMOS packaging technique, wherein wet chemistry and high^ressure Hum 
flow, are used, however, are detrimental to MEMS devices. Ttus, current CMOS 
packaging techniques win not adequately protect the MEMS devices during the 



IS 



20 



25 



Accordingly, there is a long-felt, but unresolved need in the art for MEMS 
pacing techniques which hermetically seal the MEMS devices so that they can 
effectively be incorporated in CMOS and other hybrid circuits. The packages should 
be costive a* ensure that electrical connections to or with the MEMS devices 
can be achieved without breaching the integrity of the package. Moreover, such 
package should be easily integrate with current semiconductor febneatton 
processes and be compatible with conventional CMOS packaging method,. 

Smimarv Of The Invention 

The present invention provides a novel packaging technique that enables 
conventional CMOS packaging procedures be used to package MEMS devices. It also 
provides means to control the operation environment of the MEMS devices at the 
same time. The inventive packages produce a protected cavity around me MEMS 
devices which is created by a a flip«hip bonding process. In a preferred 
embodiment, a firewall is fabricated on a first substrate around the MEMS device to 
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enclose the MEMS device within the cavity bouuied by the firewall. Another 
uibstrate is then flip-chip bonded to the first substrate that holds the MEMS device. 
This second substrate may bold other MEMS devices to conplete the structure or 
function^ tfme overall hybrid circuit, may hold CMOS dectronics to control the 
5 MEMS device**) on the first and/or second substrate, or may serve purely as a 
mechanical "cover" of the MEMS device firewall. A gap between the two substrates 
■ a acutely controlfed by the height of die firewall itself, b, spacers of known 
tai*. or with spacers in conjur^don w i* the height erf the firewall. Tte spacers can 
be fabricated independend, on the substrate, in which case they will not form a 
10 portion of the firewaU per ,«. In a preferred embodiment, the cavity is hermeuc. 
rtidr means that the cavity is sealed against the environment of me package to 
protect the MEMS device from any deleterious conditions found or present > the 
environment of the package. 

Upon flip-chip bonding of the two substrate,, the firewall seals off me space 
15 immediately around the MEMS device(s). At die same time, mechanical support and 
integrity is provided for the package by the borxied substrate, through appropnate 
bonding techniques. In still . farther prataed embodiment to hermetic firewall 
fcdf provides the mechanical support far the package. Still more preferably, 
independent structures are provided to the package to give the package its addtaonal 
20 mechanical support. Once dm cavity has been created by the firawaU ami the MEMS 
device is protected accordingly, the hybrid chip coining dm hIEMS device in us 
package can be further packaged using conventional CMOS packaging technology. 

The inventive packages for MEMS devices are simple to implement ami can 
easily be performed with conventional CMOS packaging technology. Moreover, 
25 packages provided in accordance with the present invention may hermetically seal 
MEMS device, from deleterious effects found m a packaging environment which 
could damage the MEMS device,. Thus, the packages disclosed and claimed herem 
efficiently protect MEMS devices so that these devices can function robustly when m 
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the JI« deuuled — ' * "^^^771 

T JIhww «hat the <h*wii,gs are designed solely for 

reference should be made to Ihe append dan*. 

Other obiects and features of the prese* inv^on will fccome apparent from 
te JX d^. — in conjunction «i* - aocon^ng 

the touowing uc»m« j^wincs arc designed solely for 

i* ;« ^ k. understood however, that the drawings arc u»i**~« 

TZ drawing, are not necssarU, drawn to scale and to. unless otherw* 
that the orawmg. aae-Mll, illustrate the structures and 

indicated, they are merely intended to conceptual., 

procedures described herein. 
griffiyrfTfr'"" nf The Drawing 

rtt the drawings, wherein m referee numerals identify simUar elements 
througjiout the several views: 

Figure 1 is a schematic, cross^tional view of a hermetic fhwaU package 
for enclosing MEMS devices in accordance with the present invention; 

bumps outside of the firewall; 

Ftgu re 3 is a p^spectWe view of a h-metic firewaU MEMS ^ + 

mechanical support and spacers are provided separately. 

Figures 4a< depict a schematic process of solder bump or ring-shaped solder 
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Figure S is an elevated perspective view of a hermetic firewall MEMS package 
of the invention wherein a double-walled structure is implemented and wherein an 
inner wall provides the MEMS sealed environment while an outer wall includes a 
ring-shaped solder seal that provides a second hermetic seal and mechanical support 
5 for me package. 

r ., r -^ tw^i™ Of ThP P— P~WpH Rnhodimalte 

Referring now to the drawings. Figure 1 depicts a schematic cross-sectional 
view of the hermetic firewall structure of the present invention identified by the 
general reference numeral 10. The package 10 comprises a cava, 20 for enclosing a 
10 MEMS device 25 or several MEMS devices, depending on the particular hybrid 
circuit application in which the MEMS devta*) will be integrated. In a preferred 
embodiment, a firewall 30 is fabricated on one or both substrates 40 and 70 on one 
of which the MBMS device is fabricated. Tbe firewall 30 includes a top surface 50 
and a bottom surface 60. The package 10 further comprises a second substrate 70 
15 which is bonded to the first substrate through the firewall 30 formed on substrate 40. 
The second substrate 70 contains a mating seal to the firewall 30, which completes the 
firewall structure. Preferably, the second substrate is -flhvchip' bonded to substrate 
40, using a suitable bonding technique. A preferred bonding technique is a heat- 
based process wherein a material such as a metal or plastic resin is placed between 
20 two parts to be welded together and heated to melt or soften the material. When the 
material thereafter hardens, a strong, resilient seal is created between the two pieces. 
Substrates 40. 70 are conventional substrates used to fabricate CMOS electronic 
devices. Such substrates usually comprise silicon, although it will be recognized by 
those skilled in the art that the substrates may, for example, comprise GaAs, Ge or 
25 other semiconductor materials, or insulating materials such as quartz, alumina, or 
sapphire. For ease of description hereinbetow but without intending to limit me 
invention, it will be assumed that the substrates are silicon substrates. 

The firewall 30 is fabricated around the MEMS device 25, and may be fabricated 
on either of the substrates 40, 70. The height of the firewall 30 can be precisely 
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devices, die spuing may be an integral part of the MBMS device function, while in 
otherchh^ to beting large o-cughto^ 

20 A sealing material is employed atop the firewall 30 to produce a hermetic seal 80 
for the cavity 20. The sealing material is preferably a thin film metal msterisl and is 
pUced on at ta* a portion of the top 50 of firewall 30 to seal the cavity 20 when the 
second substrate 70 is ffip<hip bonded to first substrate 40. During the flip-drip 
bonding process, the welding mtferi* on both ride, of the substrates are heated and 
together, resulting in a tight hermetic seal between me flip«hip bonded 
substrate. 40, 70. After the flip-chip bonding process, cavity 20 i, bounded and formed 
by the firewall 30 and substrates 40, 70 and encloses a smsll space around the MEMS 
device 25 This leaves the MEMS device 25 intact and protected from subsequent 
packaging processes performed outside cavity 20. which might involve fluid treatment 
that have deleterious effects on the MEMS device 25. 

The hermetic firewalls of the present invention can be fabricated using the 
same process that is employed for fabricating MEMS devices, In an example of 
MBMS devices fabricated using silicon surface microinachining technology, the 
firewalls ma, be made up of alternating stacks of porycrystaUine silicon and silicon 
dioxide, encapsulated by polycrystalline silicon. Another alternative is to use a 
material that is deposited or spin-coated and patterned on a substrate using a 
Urography technique. Some examples include silicon nitride, polyimide and metal. In 
all cases, the material comprising the firewall 30 must have the desired chemical and 
mechanical strength to create a hermetic seal between the substrates and the firewall 
and to protect the MEMS device 25. Using such techniques, the height of the walls 
can be defined precisely. 

In a preferred embodiment depicted in Figure 2, a hermetic seal 80 between 
the firewalls on first and second substrates can be formed by evaporating a soft metal 
such as gold, silver, or their alloys onto the top of firewall 30, and pressing down on 
the metal surface in a heated environment. The heated environment may be created 
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art H^c^^.scai^^y^-P^^ — 
to hold the MM tcg^bcr X • provide mechanical ««« » » 
p^elO. A stronger rnechamcal seal nnry be achieved usmg stronger solder, 
JbTis used in corral flip-hip boiled packaging technique.. When > a 
^^add^^topn^ide.^n^^ supt>or, apluralny 

^ in Figure 2) is fli^ip bonded to the first substrate. AUernately, the *te 
bum ps 90 may be bonded to the second subsaate which » simply a matter of des.gn 
choice. 

Of critical importance in the fabrication of padres for MEMS devices in 
accordance with the present invention is that the clerical connection to the MEMS 
^ 25 with the rest of the circuit most traverse firewall 30 without breachmg to 
^ seal enclosing fn.cv.ty 20. m a pretoed embodiment, dectrica. M W 
connecting the MBMS device 25 to the rest of the circuit are inserted through firewall 
30 during the MEMS fabrication process. In this case, for example, the leads can be 
nte w of heavuy doped conductive pcIycrystaUlne silicon, encapsulated by siheon 
0 dioxide layers to achieve electneal isolation. In another preferred ezuboduncnt, the 
electrical leads 100 can be placed underneath the firewall. Alternatively, leads 100 
^ be secured to the second snbsttue 70 that contains CMOS circuhry, for example, 
hereby alleviating the need to breach or otherwise corrupt the firewaU 30 by 
firing the leads 100 ,0 physically traverse therethrough. In this case, vertrcai 
25 electro connecoon between the MEMS device 25 on substrate 40 and the electa! 
.eads on subs^te 70 has to be fabricated. Such connection can easily be acfueveo by 
means of solder bumps o, metallizing independent spacer, 120 (Ftgure 3). 

In the embodiment of Figure 2. the firewaU 30 comprise* stacks of poly- 
sflicon and silicon dioxide layers. The firewall 30 itself also serves as a spacer for 
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. ^ definrf ****** of fi««dl 30. Medanial strength is prwided by 
todepcta* solder bump, 90 placed outside the firewall 30. W solder bumps 90 
.nay be placed at any convenient ^ oa either or bo* of sub,^ 40, TO. T*e 
electrical leads 100 preferably emprise poly^uicon surrounded by sttmon d»»de 
layers, encapsulated by another layer of poly-silicon. 

Rgure 3 depicts yet another preferred embodiment of the package 10 of the 
p^ta^ntavusahen^fuewalim A metal film as described above is 
evaporated on top 50 of the firewall structure a* will form the hermetic seal 80 for 
thecavity20. The solder material is deposited on top 50 of firewall 30 to produces 
.older seal 110 for cavity 20. When the solder seal 110 is made, it provides bom the 
hen^ticity and mechanical strength necessary for the flip^hip bonding process to 
produce a sturdy, strong hermetic package. Independent spacers 120 may also be 
provided to accuracy define the required gap or spacing between the substrates. 
Spacers 120 may be fabricated on either or bom of substrates 40. 70 and may be 
placed at arbitrary locations thereon.. 

Tte process of solder bump or ring-shaped solder seal is schematically shown 
ta Figures 4a-4c. In all preferred embodiments utilizing solder bump or ring-shaped 
sold* seal bonding, the height of the spacers 120 are intentionally made higher than 
«he solder bumps. For me solder bump preparation, one can deposit solder 75 onto a 
Urger foomrint than metal pad. over a dielecUic layer 85 mat me solder does not wet 
(Figure 4a). Uponheattag. me surface tension win toease me solder bump 90 height 
and decrease Us footprint (Figure 4b). This mechanism enables me solder bumps 90 to 
nake contact to me mating metal pad 95 on the other substrate. Upon cooling, the 
solder shrinks and actively pulls the two substrates together (Figure 4c). Tin, process 
gaaranfees an intimate connection between the spacers, and precise separation 
between the two substrates. 

One disadvantage of me embodiment of Figure 3 is mat if any flux material 
(either in the gas phase or the liquid phase) is necessary for soldering, the MEMS 
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^ 05 w* be exposed to this envh— This might not be dett'unenad to 

controlled environment for the MEMS device. 

Figure 5 depicts stUl another preferred embodiment of the package 110 
^^^^lofth.preae.n^n. H --J-** 
JTLd ^ stnac^ is fabricated on either subs** 40. 70^ T. « 
^130 is similar to that of Ftgure . wherein — ^ 
50offirewal.30.and provide the appropriate spacing for cavity 20. A.*-** 
, _ w M p: plire 3 wherein a layer of soldo- material 110 is 
140 is similar to the firewall 30 of figure o wu««u , 
^.^»-*-» Uem^s.engthfbrther^ung 
X^ovidedbythe^wa.1140. In this embodiment, the inner wail IS Ms 
LndTto either substrate 40. 70 with a -tack" bond between two metal layers that 
* created by applying pressure between the two substrates at a iow temperature as 
compared Jthe melting mature of me solder of sea. 110. ^ ^ P-» - 
Jnplished in a controlled environment, the space encapsulated by the tuner waU 
130 Stains this environment and is seated off . After the bw-temperawre tack 
^ „ n^mplUhed. it i. possible to simply beat up the substrate 40 or 70 to a 

1W . The donble-waned firewaU of Figure 4 to, advantageously protects MEMS 
0 device 25 from the deleterious effects of the soldering process. 

The environment *^ the cavu^ defined by me feewaU can be controlled by 

«Z1 may include, for example, controlled pressure, controlled hnmuhty. and 
controned gas chemistries. The cavity 20 creafcd by this flip-chip bonding process 
protects the MEMS devices, so that the flip-chip bonded substrates can now 
p^ed using conventional packaging techmques mat might otherw.se be demmental 
to the MEMS devices. 

^ifc toe have been shown and described certain fundamental novel features 
of the invention as applied to preferred embodiments M . it will be understood 
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tot various omissus and substimtkms a* changes to me memods and apjaralus 
4^ herein, and in meir operation, ma, be made by mose skuTed to the art 
' wtow t departing from the spirit and scope of the invention, tt is expressly tomaded 
tot ail combination, of those element and/or trethod steps which perform 
5 substantially are same fu**km in substantially to same way to achieve the same 
^t are wid^n^sc^ of the invention. Substitution of elemenh, from one 
Scribed embodiment to «r»other are also fully intended and contemplated. U ts the 
intention, torefore. to be limited on!y » indkn^ oy the scope of d« claim, 
appended hereto. 

10 Ttas while there have shown and described and pointed on. fundamental 

novel features of the invention as applied to a prefetred embodiment thereof, it wdl 
be understood that various omissions and substitutions and changes to the form and 
deuuls of me devices illustrated, and in their operation, may be made by those sktlled 
in to art without departing from the spirit of the invention. For example, .t ts 
15 expressly intended that all conations of those elements and/or method steps wh,ch 
perform substantially the same function in substantially the same way to actoeve to 
sam e results are within the scope of the invention. Moreover, it should be reoogmzed 
tot structures and/or elements and/or method steps shown and/or described m 
connection with any disclosed form or entodiment of the invention may be 
20 incorporated in any other disclosed or described or suggested form or embodiment as 
a general matter of design choice. It ia the intention, therefore, to be limited only as 
indicated by the scope of the claims appended hereto. 
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K pack!lgc to hermetically sealing a mi«n^«mKch»nical system, 
(M£MS) device in a h yh rid circuit comprise a firewaU formed on a substrate for the 
MEMS device and which has a height defining a cavity of the package in which the 
MEMS device will be sealed. A second substrate spaced from the first substrate 

m tmm and soldered «> me firat ^ wim a thin fto me«l material pbced on at 
^tatoppomonofmefirewaU. The resulting firewall MEMS device package can 
be former packaged using conventional CMOS packaging techniques. By 
hermetically sealing me cavity, the enclosed MEMS device is protected from 
^ions conditions found in the environment of conventional CMOS packaging 
techniques which is often detrimental to MEMS device function. 



2 lepiestntaiive Drawing 
Figure 1 



